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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconductor structure. More particularly, the present 
invention relates to formation of an etch stop and diffusion layer composite in a semiconductor 
5 structure. In particular, the present invention relates to a damascene process that uses an etch 
stop and a diffusion barrier layer composite. 

Description of Related Art 

Multiple levels of interconnect are being developed for integrated circuits. In such an 
\j\ integrated circuit, patterned conductive material on one interconnect level is electrically insulated 
10 J from patterned conductive material on another interconnect level by an insulating layer of 
^ material such as, for example, silicon dioxide. The insulating layer is often referred to as an 
\ii interlayer dielectric (ILD). The conductive materials are typically a metal or metal alloy. 
\i\ Connections between the conductive material at the various interconnect levels are made by 
forming openings in the insulating layers and providing an electrically conductive structure such 
1 5 that the patterned conductive material from different interconnect levels are brought into 

electrical contact with each other. These electrically conductive structures are often referred to 
as contacts or vias. 

Semiconductor device features continue to shrink to accommodate more transistors per 
silicon wafer and improve device performance. Shrinking dimensions, however, results in an 
20 increased capacitance between metal lines. An increase in capacitance seriously degrades device 
performance because signal delay is proportional to the product of resistance with capacitance. 
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One technique for increasing speed while reducing power consumption is to replace the 
traditional aluminum and aluminum alloy interconnects found on integrated circuits with a metal 
such as copper, which offers lower electrical resistance. Those skilled in the electrical arts will 
appreciate that by reducing resistance, electrical signals may propagate more quickly through the 
5 interconnect pathways on an integrated circuit. Furthermore, because the resistance of copper is 
significantly less than that of aluminum, the cross-sectional area of a copper interconnect line, as 
compared to an aluminum interconnect line, may be made smaller without incurring increased 
signal propagation delays based on the resistance of the interconnect. 

\zi As noted above, copper has electrical advantages, such as lower resistance per cross- 

sectional area, and greater immunity to electromigration. For all these reasons, manufacturers of 
]l\ integrated circuits find it desirable to include copper in their products. Another approach for 
:i\ reducing the resistance-capacitance (RC) delay and thence improving device performance is to 
j*i use low-dielectric-constant (low-k) materials as an ILD in semiconductor devices because 
111 capacitance is proportional to the dielectric constant of the ILD. 
IS- 1 The process integration of copper and ILD can be difficult due to the risk of etch-through 

of an underlying ILD layer at unlanded vias, and undesired reaction on underlying copper during 
via etch. In addition, copper can readily diffuse into ILD that adversely affect the quality of 
device such as leakage current and reliability between the lines. As a result, a separate layer is 
usually added to the integration flow to act as an etch stop and a diffusion barrier. 
20 The diffusion barrier property of the added layer, however, results in a material with a 

high dielectric constant. For example, silicon nitrides (Si x N y H z , in both stoichometric and solid 
solution ratios) have a dielectric constant of about 6.5 to about 10, and silicon carbides 
(Si w C x N y H z in both stoichometric and solid solution ratios) have a dielectric constant of about 



PI 1026 



4.0 to about 5.0. This negatively impacts the overall effective dielectric constant (kefr) between 
the metal lines. Consequently, increased RC delay results. RC delay can be minimized by 
reducing the thickness of the added layer, but this is prevented by the etch selectivity 
requirements for the added layer as an etch stop. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the above recited and other advantages of the invention 
are obtained, a more particular description of the invention briefly described above will be 
rendered by reference to specific embodiments thereof which are illustrated in the appended 
jfi drawings. Understanding that these drawings depict only typical embodiments of the invention 
ljOj that are not necessarily drawn to scale and are not therefore to be considered to be limiting of its 
£1 scope, the invention will be described and explained with additional specificity and detail 
through the use of the accompanying drawings in which: 

Figure 1 is an elevational cross-section view of an inventive structure in a 
jVi microelectronic device; 

1 Figure 2 is an elevation cross-section view of a semiconductor structure according to an 

embodiment during a process flow; 

Figure 3 is an elevation cross-section view of a semiconductor structure depicted in 
Figure 2 after further processing; 

Figure 4 is an elevation cross-section view of a semiconductor structure depicted in 
20 Figure 3 after further processing; 

Figure 5 is an elevation cross-section view of a semiconductor structure depicted in 
Figure 4 after further processing; and 

Figure 6 is a process flow diagram according to an embodiment. 
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DETAILED DESCRIPTION OF THE INVENTION 



One embodiment relates to a structure in a semiconductor device that assists in reducing 
the resistance-capacitance (RC) delay. The inventive structure includes a diffusion barrier layer 
having a first thickness and a first dielectric constant. An etch stop layer is disposed above and 
on the diffusion barrier layer. The etch stop layer has a second thickness and a second dielectric 
constant. An interlayer dielectric (ILD) layer is disposed above and on the etch stop layer. 

The terms, chip, integrated circuit, monolithic device, semiconductor device, and 
microelectronic device, are often used interchangeably in this field. The present invention is 
applicable to all the above as they are generally understood in the field. 

The terms metal line, interconnect line, trace, wire, conductor, signal path and signaling 
medium are all related. The related terms listed above, are generally interchangeable, and appear 
in order from specific to general. In this field, metal lines are sometimes referred to as traces, 
wires, lines, interconnect, metalization, or simply metal. Metal lines, generally aluminum (Al), 
copper (Cu) or an alloy of Al and Cu, are conductors that provide signal paths for coupling or 
interconnecting, electrical circuitry. Conductors other than metal are available in 
microelectronic devices. Materials such as doped polysilicon, doped single-crystal silicon (often 
referred to simply as diffusion, regardless of whether such doping is achieved by thermal 
diffusion or ion implantation), titanium (Ti), molybdenum (Mo), tungsten (W), and refractory 
metal silicides are examples of other conductors. 

The terms contact and via, both refer to structures for electrical connection of conductors 
from different interconnect levels. These terms are sometimes used in the art to describe both an 



PI 1026 



5 



opening in an insulator in which the structure will be completed, and the completed structure 
itself. For purposes of this disclosure contact and via refer to the completed structure. 

The term vertical, as used herein, means substantially orthogonal to the surface of a 
substrate. 

The following description also includes terms, such as upper, lower, first, second, etc. 
that are used for descriptive purposes only and are not to be construed as limiting. The 
embodiments of an apparatus or article of the present invention described herein can be 
manufactured, used, or shipped in a number of positions and orientation. Reference will now be 
made to the drawings wherein like structures will be provided with like reference designations. 
In order to show the structures of the present invention most clearly, the drawings included 
herein are diagrammatic representations of integrated circuit structures. Thus, the actual 
appearance of the fabricated structures, for example in a photomicrograph, may appear different 
while still incorporating the essential structures of the present invention. Moreover, the drawings 
show only the structures necessary to understand the present invention. Additional structures 
known in the art have not been included to maintain the clarity of the drawings. 

The problem of a high dielectric constant and an inadequate etch stop and diffusion 
barrier can be resolved by using separate materials to act as the diffusion barrier and the etch 
stop. The diffusion barrier layer thickness can be reduced to its minimum and the etch stop can 
be a low-k material. 

Figure 1 illustrates a structure 10 in a microelectronic device. A substrate 12 that may 
include a trace 14 (or the top of a contact) includes an etch stop layer 1 8 above and on a diffusion 
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barrier layer 16. The etch stop layer 18 may be an organic composition, and the diffusion barrier 
layer 16 may be an inorganic composition. Alternatively, the compositional order of etch stop 
layer 18 and diffusion barrier layer 16 may be reversed. An ILD layer 20 is disposed upon the 
etch stop layer 18- diffusion barrier layer 16 composite. A damascene contact 22 is disposed in a 
5 via. Contact 22 may electrically connect to trace 14 if it is present. In another embodiment, 
contact 22 may electrically connect through an unlanded via. 

One embodiment of the present invention relates to two dissimilar layers that make up 
diffusion barrier layer 16 and etch stop layer 18. Where diffusion barrier layer 16 is an inorganic 
Q composition, etch stop layer 18 is an organic composition and visa versa. Another embodiment 
1# of the present invention relates to two dissimilar layers that make up diffusion barrier layer 1 6 
]Zl and etch stop layer 18. In this embodiment, the two layers may be either organic or inorganic, 
; n but a given etch will be chosen to achieve an etch selectivity difference that is sufficiently large 
ri to make one layer an etch stop in relation to the other. 

HI Additionally, ILD layer 20 may be chosen in concert with etch stop layer 1 8 such that a 

lS 1 given etch recipe will be selective to etch stop layer 18. Accordingly, ILD layer 20 may be 

organic or inorganic, or it may be of the same organic/inorganic genus as etch stop layer 1 8 but 
chemically diverse with respect to etch response. 

The following are examples of inorganic compositions that may be used, either for the 
diffusion barrier layer 16, the etch stop layer 18, and in selected embodiments, for the ILD layer 
20 20. In one embodiment, the inorganic composition may be a silicon nitride in either a 

stoichiometric (e.g. Si3N4) or solid solution nonstoichiometric (Si x N y H z ) ratios. Additional to the 
selection of silicon nitrides, other inorganic compositions may be used. For example, silicon 
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carbide may be selected and formed according to known methods or under any of the conditions 
set forth herein. 

Another example of inorganic compositions that may be used is amorphous carbon 
nitride (e.g., a-C:N x and a-C:N:H) in both stoichiometric and nonstoichiometric solid solution 
5 ratios. Carbon nitride of these types may have a dielectric constant in the range from about 1 .8 
to about 3.6, and may be an embodiment for diffusion barrier layer 16. Formation of a carbon 
nitride layer may be carried out according to known methods or under any of the conditions set 
forth herein. For example, a carbon nitride layer may be formed by chemical vapor deposition 
□ (CVD), plasma-enhanced CVD (PECVD), low-pressure CVD (LPCVD), or plasma-enhanced 
W LPCVD (PELPCVD). A carbon nitride layer may also be formed by physical vapor deposition 
\z: (PVD) including reactive sputtering and radio-frequency (RF) sputtering. The carbon nitride 
: A layer may also be formed by atomic layer deposition (ALD). Additionally, the carbon nitride 
Q layer may be formed by a post-deposition process of a C:H film with a nitrogen-containing 
111 compound such as diatomic nitrogen, a hydrogen-nitrogen gas mixture, ammonia, and the like. 
15* The post-deposition process may be an anneal, a rapid thermal process (RTP) as is known in the 
art, a plasma treatment as is known in the art, or combinations thereof. 

Another example of an inorganic composition that may be used includes aluminum 
oxides such as alumina and other stoichiometric and nonstoichiometric solid solutions. Another 
example of an inorganic composition that may be used includes aluminum nitrides in 
20 stoichiometric and nonstoichiometric solid solutions. Another example of an inorganic 
composition that may be used includes aluminum oxynitrides in stoichiometric and 
nonstoichiometric solid solutions. 
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Another example of an inorganic composition that may be used includes boron nitrides 
and boron oxynitrides in stoichiometric and nonstoichiometric solid solutions. Another example 
of an inorganic composition that may be used includes beryllium oxides such as beryllia, 
beryllium nitrides, and beryllium oxynitrides and other stoichiometric and nonstoichiometric 
5 solid solutions. Another example of an inorganic composition that may be used includes yttrium 
oxides such as yttria, yttrium nitrides, and yttrium oxynitrides, and other stoichiometric and 
nonstoichiometric solid solutions. These and other ceramic dielectrics may be used according to 
a selected application. 

I l Formation of these and other ceramic dielectrics may be accomplished by methods such 
)i as PVD including reactive sputtering and RF sputtering. Other process flows may include CVD, 

I I PECVD, LPCVD, or PELPCVD. Additionally, ALD may be employed, and in one embodiment 
'J ALD may be used to form a given layer such as diffusion barrier layer 16. Additionally, these 
=i ceramic dielectrics may be treated by a post-deposition process that may be an anneal, an RTP, a 
HJ plasma treatment, or combinations thereof 

15~1 Other inorganic compositions may include silica-based materials such as siloxanes, 

organosiloxanes, silsesquioxanes, aerogels and xerogels, or their porous materials thereof, and 
may be formed according to known techniques. Such dielectric materials comprises an oxide 
based film that is selected from the group consisting of carbon-doped oxide using polysiloxane, 
trimethyl silane (3MS), tetramethyl silane (4MS) with oxidants, hydrogen silsesquioxane (HSQ), 

20 methyl silsesquioxane (MSQ), mesoporous silica, porous carbon-doped oxide by CVD or spin on 
processes. 

Organic compositions that may be used in connection with the present invention may 
include organic insulators selected from the group that includes polyimides, parylenes, 



PI 1026 



polyarylethers, polynaphthalenes, and polyquinolines, bisbenzocyclobutene, polyphenylene, 
polyarylene, their copolymers or their porous polymers thereof. A commercially available 
polymer under the tradename FLARE™ sold by Honeywell Allied Signal Inc., of Morristown, 

T1Vyl Tfcyl 

N.J., or polymer under tradename SiLK or CYCLOTENE sold by Dow Chemical Company 
5 of Midland, ML, or PAE II™ or Lo-K™ 2000, poly arylene ethers provided by the Schumacher 
Chemical Company which is a subsidiary of Air Products and Chemicals, Inc., Allentown, Pa 
and Fairchild Technologies USA, Inc. of Fremont, CA, respectively, may be used to form ILD 
layer 20. 

Referring again to Figure 1, in the microelectronic device, structure 10 comprises 

ljEji diffusion barrier layer 16 that includes a first thickness and a first dielectric constant. Diffusion 

111 

q barrier layer 16 may have a thickness in a range from about one or two atomic monolayers to 

-1 about 2,500 A. Where diffusion barrier layer 16 is an inorganic composition as set forth herein, 

: h * 

;i the dielectric constant may be in a range from about 4.5 to about to about 10, preferably less than 
!;!: about 10. Where diffusion barrier layer 16 is an inorganic material, it may be formed by a 
l%\ process flow as set forth herein. 

In one embodiment, diffusion barrier layer 16 is an inorganic composition such as silicon 
nitride as set forth herein. Accordingly, etch stop layer 18 may be an organic composition as set 
forth herein, or an inorganic composition that is chemically diverse from diffusion barrier layer 
16. 

20 In one embodiment, the etch stop layer 1 8 has a chemical behavior under etch conditions 

that will make the etch selective to the ILD layer 20. For example, etch stop layer 18 may be an 
organic material such as a polymer and ILD layer 20 is selected to be an inorganic material such 
as silicon oxides, borosilicon oxides, and the like. In this embodiment, diffusion barrier layer 16 
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is an inorganic composition. Where etch stop layer 18 is an inorganic material, ILD layer 20 
may be an organic layer such as a polymer as is known in the art or as set forth herein. 

Etch stop layer 18 may be disposed above and on diffusion barrier layer 16. Etch stop 
layer 18 has a second thickness that may be greater than the first thickness of diffusion barrier 
layer 16. Etch stop layer may have a second dielectric constant in a range from about 1 .8 to 
about 3. Overall, the combination of ILD layer 20, etch stop layer 18, and diffusion barrier layer 
16 may have an effective dielectric constant, (keff ) in the range from about 2.5 to about 3, 
preferably, less than about 3.0. 

In one embodiment, structure 10 requires that diffusion barrier layer 16 comprises an 
organic composition and the etch stop layer 1 8 comprises an inorganic composition. In this 
embodiment, diffusion barrier layer 16 is fabricated from compositions as set forth herein. In 
this embodiment, ILD layer 20 is selected to be an organic composition as is known in the art or 
as set forth herein. 

Two qualities for an etch stop layer are its dielectric constant and its selectivity with 
respect to the ILD layer 20. Selectivity is derived from the chemical difference between the 
materials during an etch. For example, organic polymers can act as etch stops for a silicon oxide 
such as silica, SiC>2, for a silicon oxyfluoride such as Si x O y F z , carbon-doped oxides (CDOs) and 
other inorganic materials that serve as ILDs. The reverse is also true; inorganic materials such as 
oxides, nitrides and the like can act as etch stop materials for organic polymers. Even materials 
within the same class of inorganic or organic may have enough selectivity to act as an etch stop, 
as long as they are chemically different. 

In a first non-limiting example embodiment, the ILD layer 20 is about 1 micrometer 
(micron) thick of a CDO (k is about 2.8). The etch stop layer 18 is about 0.06 micron of SiLK® 
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(k is about 2.65). Finally, the diffusion barrier layer 16 is about 0.005 micron of silicon nitride, 
Si x N y H z (k is about 6.5). Overall, a calculated kefr is about 2.8 through the stack of ILD layer 20, 
etch stop layer 18, and diffusion barrier layer 16. This may represent an improvement over the 
state of the art with a 1.0 micron CDO ILD layer and a 0.06 micron silicon nitride layer, which 
5 gives a calculated keff of about 2.9 through the two layers. The actual improvement within a 
fabricated device may be larger, because edge effects near traces contribute disproportionately to 
keff. Where diffusion barrier layer 16 is an inorganic composition as set forth in this example, 
formation thereof may be carried out by a PECVD, CVD, ALD, or sub-atmospheric CVD 
i-j (SACVD) process at a temperature in a range from about 200 °C to about 400 °C, a pressure 
101 from about 1 torr to about 5 torr, and for a deposition time from about 1 sec to about 60 sec. 
! =f Formation of etch stop layer 18 in this first example is carried out by use of a spin-on process 
I: flow, wherein the etch stop layer 18 is spun on and heated to a temperature in a range from about 
:=% 150 to about 400, at a flow rate in a range from about 1 cc/sec to about 6 cc/sec and a rotational 
jlj speed in a range from about 500 rpm to about 6000 rpm. ILD layer 20 is next formed by a 
15:) PECVD, CVD, ALD, or SACVD process at a temperature in a range from about 200 °C to about 
400 °C, a pressure from about 1 torr to about 5 torr, and for a deposition time from about 1 sec to 
about 60 sec. 

In a second non-limiting example embodiment, processing is carried out as in the first 
example. The ILD layer 20 is about 1 micrometer (micron) thick of a CDO and k is about 2.8. 
20 The etch stop layer 18 is about 0.2 micron of SiLK® where k is in a range from about 1.9 to 
about 2.6, and preferably about 2. Finally, the diffusion barrier layer 16 is about 0.005 micron of 
silicon nitride, Si x N y H z (k is about 6.5). Overall, a calculated keff is about 2.6 to about 2.8 
through the stack of ILD layer 20, etch stop layer 18, and diffusion barrier layer 16. The actual 
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improvement within a fabricated device is expected to be larger, because edge effects near traces 
contribute disproportionately to keff. 

In a third non-limiting example embodiment, processing is carried out as in the first 
example. The ILD layer 20 is about 1 micron thick of a CDO and k is about 2.8. The etch stop 
layer 18 is about 0.2 micron of SiLK® and k is about 2. Finally, the diffusion barrier layer 16 is 
about 0.005 micron of silicon nitride, Si x N y H z (k is about 6.5). Overall, a calculated keff is about 
2.6 through the stack of ILD layer 20, etch stop layer 18, and diffusion barrier layer 16. The 
actual improvement within a fabricated device is expected to be larger, because edge effects near 
traces contribute disproportionately to keff. 

As illustrated in Figure 1, substrate 12 is disposed below and on the diffusion barrier 
layer 16. The electrically conductive trace 14 is disposed in the substrate 12. The ILD layer 20 
is disposed on the etch stop layer 18, and the contact 22 is disposed in a trench recess that 
extends through the ILD layer 20, the etch stop layer 18, and the diffusion barrier layer 16. 
Contact 22 makes an electrical connection to trace 14 through a via that is landed on trace 14. 

It can be seen that substrate 12 has an upper surface 24, and that electrically conductive 
trace 14, disposed in substrate 12 has a trace surface 26 that is substantially coplanar to upper 
surface 24 of substrate 12. Further, diffusion barrier layer 16 is above and on substrate 12 and 
trace 14. Etch stop layer 18 is above and on diffusion barrier layer 18. Additionally, ILD layer 
20 is disposed above and on etch stop layer 18. As set forth above, diffusion barrier layer 16 and 
etch stop layer 1 8 may be mutually exclusively selected from either an organic composition or an 
inorganic composition. In another embodiment, both diffusion barrier layer 16 and etch stop 
layer 18 are selected from either organic or inorganic materials that have a sufficiently diverse 
response to an etch recipe that the etch recipe is selective to the diffusion barrier layer 16. 
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Diffusion barrier layer 1 6 has a thickness in a range from about one atomic monolayer to 
about 2,500 A. Preferably, diffusion barrier layer 16 has a thickness in a range from about two 
atomic monolayers to about 2,000 A. More preferably, diffusion barrier layer 16 has a thickness 
in a range from about 20 A to about 1,000 A. In any event, diffusion barrier layer 16 has a 
greater tendency to resist the diffusion of copper or other metalization materials, the closer a 
given diffusion barrier layer 16 is to the monocrystalline silicon of the microelectronic device, if 
monocrystalline silicon is present. Diffusion barrier layer 16 may be referred to as a first 
dielectric layer. In alternative embodiments, the first dielectric layer is selected from silicon 
nitride and silicon carbide. 

In one embodiment, the diffusion barrier layer 16 has a first dielectric coefficient, the 
etch stop layer has a second dielectric coefficient. As a structure, ILD layer 20, diffusion barrier 
layer 18, and etch stop layer 16 have a kef? in a range from about 2.5 to about 3, preferably less 
than about 3.0. 

Although structure 10 is illustrated with contact 22 in the form of a conductive dual- 
damascene article, the present invention may also have a conductive single-damascene article, 
wherein the conductive damascene article is in contact with the substrate, the first dielectric layer 
16, the second dielectric layer 18, and the ILD layer 20. 

One nonlimiting embodiment of the inventive process may be carried out with the 
formation of a diffusion barrier layer 16 in a substrate 12 as illustrated in Figure 2. Thereafter, 
an etch stop layer 18 is formed, and then an ILD layer 20 is formed as set forth herein. ILD layer 
20 is patterned with a mask 28 such as a spin-on resist material. 

In Figure 3 the nonlimiting embodiment of the inventive process may be illustrated by 
the formation of a first recess 30 (also referred to herein as a via) in ILD layer 20 by an etch 
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through mask 28 depicted in Figure 2. Thereafter, an antireflective coating (ARC) layer 32 may 
be formed over ILD layer 20 in the first recess 30. In one embodiment, the ARC layer 32 may 
be a sacrificial layer antireflective material (SLAM). In this embodiment, the ARC layer 32 
serves first the purpose of an antireflective material that assists in the patterning 36 of what will 
become a second recess such as a dual-damascene trench, and it serves the second purpose of 
protecting etch stop layer 18, diffusion layer 16, and trace 14 during the patterning and etching. 
In one embodiment, the ARC layer 32 may be a spin-on glass material. Although ARC layer 32 
has been depicted as a spin-on glass, the ARC layer 32 may be selected from an organic and 
another inorganic composition. 

Figure 4 illustrates formation of a second recess 38 that is the dual-damascene trench to 
first recess 30. The second recess 38 is formed by an etch through mask 34 and through ARC 
layer 32, and partly into ILD layer 20. The second recess 38 at least partially intersects the first 
recess 30, and second recess 38 may be wider than the first recess 30. Thereafter, the mask 34 
and the ARC layer 32 are removed. Mask 34 may be ashed and ARC layer 32 may be converted 
to an oxide such as silicon oxide like silica. Thereafter ARC layer 32 may be wet stripped in an 
oxide etch that is selective to ILD layer 20. 

After removing ARC layer 32, etching is carried out that penetrates etch stop layer 18 and 
diffusion barrier layer 16 as illustrated in Figure 5. Thereafter, the first 30 and second recess 38 
are filled with a metal such as copper, copper alloys, and the like. In another embodiment, the 
first 30 and second 38 recess are filled with a metal such as gold, gold alloys and the like. In 
another embodiment, the first 30 and second 38 recess are filled with a metal such as silver, 
silver alloys and the like. In another embodiment, the first 30 and second 38 recess are filled 
with a metal such as aluminum, aluminum alloys and the like. In any event, if one of the above- 



Pi 1026 



15 



# 

embodiments is not selected, one of ordinary skill in the art may select a metal or conductive 
material that is suitable to the specific application. 

Alternatively, the formation of the recess may be a single damascene recess. 
Additionally, the via may be a contact that may act as a landed or unlanded via contact for a 
5 subsequent level of metalization. 

Figure 6 is a process flow illustration 600 of an inventive embodiment. A diffusion 
barrier layer is formed 610 in a substrate and an etch stop layer is formed 620 above and on the 
diffusion barrier layer. In this process embodiment, the diffusion barrier layer and the etch stop 
layer are selected from mutually exclusively organic or inorganic compositions as set forth 
lfli herein although they may also be both one or the other with significantly different etch and/or 
\Z] oxidation responses. The process flow may continue with the formation 630 of a ILD layer 
-=! above and on the etch stop layer. Next, a recess is formed 640 in the ILD layer. In one 
^ embodiment, forming 640 a recess includes forming first recess 30 and second recess 38 as set 
;i*= forth herein. In another embodiment, forming 640 a recess includes forming a single-damascene 
1 via as set forth herein. 

It will be readily understood to those skilled in the art that various other changes in the 
details, material, and arrangements of the parts and method stages which have been described 
and illustrated in order to explain the nature of this invention may be made without departing 
from the principles and scope of the invention as expressed in the subjoined claims. 

20 
1 
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